ABSTRACT There are conflicting reports about the benefits of zinc supplements in childhood asthma. This study examined the effect of zinc supplementation in children with asthma attending an outpatient clinic in Sari, Islamic Republic of Iran. In a randomized, double-blind, placebo-controlled clinical trial over 8 weeks, 284 children on inhaled steroids were allocated to receive zinc supplements (50 mg/day) (n = 144) or placebo (n = 140). Cases and controls had low initial serum zinc concentrations [61.8 (SD 7.3) µg/dL and 60.9 (SD 4.3) µg/dL]. After treatment, mean serum zinc level in the case group was significantly higher [129 (SD 20.4) µg/dL] than in the controls [63 (SD 8.6) µg/dL]. There were no significant differences in IgE levels before and after treatment. The case group showed significant improvements in clinical symptoms such as cough, wheezing and dyspnoea and in all spirometry parameters (FVC, FEV1 and FEV1/FVC). 
Introduction
Allergic disorders such as asthma, allergic rhinitis, atopic dermatitis and even chronic urticaria have a high prevalence of morbidity, with significant effects on individuals' quality of life and high economic costs for families and nations (1) . Bronchial asthma is a chronic inflammatory disease of the respiratory tract system and is more common in children than adults (1) . The prevalence of asthma varies in different regions of the world. In the Islamic Republic of Iran a meta-analysis has estimated the prevalence of asthma in the country overall to be about 7.6% (2) , while in the north of the country, where this study was carried out, a prevalence of 12% was reported (3) .
The reported prevalence of asthma has been increasing rapidly in recent decades. The etiology of asthma is not clear, and genetic and environmental factors have been implicated in its pathogenesis (4) . One hypothesis for the increasing rates of asthma are low consumption of antioxidant foods or increased oxidative stress (1, 5, 6) . Different studies suggested that trace elements might be involved in inflammatory processes such as asthma (1, 4) . Zinc levels have been shown to be low in the serum, hair and sputum of patients with asthma (1, (6) (7) (8) . Trace elements such as selenium and zinc are essential components of antioxidant enzymes and are required to inhibit the production of the free radicals that are thought to aggravate asthma (8, 9) . Zinc is involved in cell and tissue growth and plays an important role in DNA and protein synthesis. Furthermore zinc is an important element in oxidant/ antioxidant pathways and is believed to have a pivotal role in bronchial asthma pathways (1, 4, 10) . Zinc is a modulator of the immune system, decreasing the inflammatory response. It has been suggested that zinc deficiency could decrease the activity/levels of Th1 helper T-cells and increase the activity/levels of Th2 helper T-cells in asthma (11) . Consumption of zinc-containing foods by mothers during pregnancy has been shown to be associated with a lower risk of wheeze and asthma in the child (12) .
There are conflicting reports about the effect of zinc supplements on childhood asthma. In a study in the Islamic Republic of Iran Pouramjad et al. showed that zinc supplements had no effect on the clinical manifestations of asthma and on pulmonary function tests (13) . In contrast Biltagi et el., in Egypt, showed that consumption of omega-3 fatty acid, vitamin C and zinc, singly or in combination, led to significant improvements in pulmonary function tests and sputum inflammatory markers in placebo, self-controlled trials of children with asthma (14) . The aim of the present study in Sari, Islamic Republic of Iran, was to examine the effect of zinc supplementation on clinical symptoms and pulmonary function tests in children with asthma.
Methods
This study was a double-blind, randomized, placebo-controlled clinical trial of the effect of zinc supplementation on clinical symptoms in zinc-deficient children with asthma in Sari, northern Islamic Republic of Iran.
Sample
The sample was selected from among patients attending the public outpatient allergy clinic at Mazandaran University of Medical Sciences between August 2010 and May 2011. The sample size was calculated based on the results of previous studies (prevalence of asthma 10%-12%). Patients were excluded if they had diabetes mellitus, liver or kidney disease, infections or thyroid dysfunction, or clear clinical manifestations of zinc deficiency. We also excluded children who had been taking trace elements or vitamin supplements.
The diagnosis of moderate and/ or partly controlled bronchial asthma was made based on the child's history, family history, physical examination and assessment by an allergist and clinical immunologist using Global Initiative for Asthma criteria (15). All patients in this study were using fixed inhaled steroids (moderate dose of fluticasone). Of the 345 patients assessed for eligibility, 30 did not meet the inclusion criteria, 10 declined to participate and 5 were excluded for other reasons. The remaining 300 patients were enrolled in the clinical trial and randomized to either the case (n = 155) or the control group (n = 145).
The study was approved by the ethics committee of Mazandaran University of Medical Sciences. Written informed consent was obtained from parents or guardians of the children. Because there were no clinical manifestations of zinc deficiency in our patients, there was no ethical requirement to use zinc supplements in the control group.
Data collection
The patients' clinical data were assessed by a researcher and a paediatrician. Both were blind to the treatment groups. Clinical symptoms (cough, wheezing, dyspnoea), spirometry indices and serum zinc and IgE levels were recorded before and after the intervention.
Pulmonary function testing was performed by an expert technician for forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1) and FEV1/FVC. The measures were performed without the use of a bronchodilator.
A 5 mL sample of blood was taken from all patients. Blood was centrifuged at 2000 rpm for 15 minutes. Serum zinc level were measured by atomic absorption spectroscopy (Zeeman, Varian) and expressed in μg/dL. Complete blood count, eosinophil count and serum total IgE level was performed for all patients. 
Discussion
Zinc and copper are required for optimal activity of the immune system and it has been shown that low levels of these trace elements are important factors in acute and chronic inflammatory states such as bronchial asthma (16) . However, the evidence regarding the clinical efficacy of zinc supplementation on children with asthma is conflicting. This study was therefore designed to examine the effects of zinc on clinical symptoms and spirometry parameters in bronchial asthma. We demonstrated that zinc supplementation at 50 mg/day for 8 weeks had a significant beneficial effect on both clinical symptoms and lung function in bronchial asthma patients. In other studies, the relationship between serum zinc and bronchial asthma remains doubtful (6, 16, 17) or controversial (18) . In another study in the
Intervention
After recruitment patients judged to have moderate asthma with associated zinc deficiency (< 70 µg/dL) according to the allergist and clinical immunologist were randomized by a paediatrician to the intervention (zinc supplements, 50 mg/day) or control (placebo) group. Patients received the drug or placebo from the pharmacy and were blind to the treatment. Treatments continue for 8 weeks. Both groups received inhaled fluticasone spray. If a patient had unrelieved symptoms, they were advised to use a short-acting beta-2 agonist (salbutamol).
Statistical analysis
Analysis was done to determine the clinical improvement and spirometry alteration between the 2 groups. All results are given as the mean and standard deviation (SD) value and data analysis was performed with SPSS software, version 17 statistical program. Data were analysed using paired t-test (for comparing before and after intervention data), independent-test (for comparison between the 2 groups) and the chisquared test (for qualitative variables). P-values < 0.05 were assumed to be statistically significant. Table 1 shows the age and sex distribution of the 300 enrolled patients (155 cases and 145 controls). There were more boys than girls (59% versus 41%). The mean age was 7.6 (SD 1.6) years and 7.8 (SD 0.5) years respectively in the case and control groups.
Results

Eligible patients
Of the 155 patients in the case group 11 did not receive the allocated intervention. After the intervention a further 4 children were lost to followup and 6 discontinued treatments (of drug and decreased inhaler steroids). Of the 145 in the control group 5 did not receive the allocated intervention. After the intervention 3 were lost to follow-up and 4 discontinued the intervention (of placebo and decreased inhaler steroid). The data were therefore analysed for the 144 cases and 140 controls who completed the study and not for the whole group on the basis of intention to treat.
Mean serum zinc levels
The mean serum zinc level was 61.8 (SD 7.3) µg/dL and 60.9 (SD 4.3) µg/ dL in the case and control groups respectively before treatment (Table 2) . After treatment the serum mean levels of zinc increased to 129 (SD 20.4) µg/ dL in the case group compared with 63 (SD 8.6) µg/dL in the controls, and this was a significant difference (P < 0.001). There was no significant difference in IgE levels in both groups before and after treatment (P < 0.05) ( Table 2) .
Clinical symptoms
Clinical symptoms evaluated in this study are shown in Table 3 . There were significant improvements in the case group compared with the control group in all the clinical symptoms evaluated: cough [relative risk (RR) = 2.3; 95% CI: 1.3-4.1] (P = 0.003), wheezing (RR = 3.6; 95% CI: 1.8-7.4) (P < 0.001) and dyspnoea (RR = 4.2; 95% CI: 1.9-8.7) (P < 0.001). Table 4 shows the spirometry parameters before and after 8 weeks treatment (14), and combined therapy was more effective than single therapies. Before the intervention all the asthmatic children in our study had low of serum zinc concentrations (< 70 µg/ dL). Studies have suggested that allergic diseases such as asthma, leukaemia and coronary artery ectasia are associated with deficiencies of trace elements such as selenium and zinc (14, 19, 20) . Furthermore it has been shown that hair zinc levels are lower in children with recurrent wheeze compared with healthy controls and are negatively correlated with wheezing episodes in the last 6 months (21). Although erythrocyte zinc levels were not significantly decreased in asthma patients compared with a healthy group of children, there was a significant decrease in patients hospitalized with asthma attacks (22) .
Spirometry parameters
It has been suggested that zinc deficiency can reduce antioxidant function and lead to exacerbation of bronchial asthma. Soutar et al. reported that limitation of zinc intake was associated with a higher risk of asthma attacks (23) . Therefore it seems that zinc could be an effective trace element in bronchial asthma patients. It has been reported that zinc decreases the incidence and prevalence of acute respiratory tract infection and the severity of symptoms of the common cold (24, 25) . El-Kholy et al. reported that adequate dietary intake of zinc and zinc supplementation might decrease the severity of asthmatic attacks (26) . Animal studies also demonstrated that zinc supplements reduced inflammatory and airway hyper-responsiveness (27) . Prasad et al. showed that zinc decreased oxidative stress and nuclear transcription factor NF-κB activation in isolated mononuclear cells via induction of zinc finger protein A20 (28) .
In the present study we were unable to evaluate bronchial epithelial levels of superoxide dismutase, an enzyme which is deficient in asthma patients, but has been hypothesized that zinc might increase the activity of the enzyme similar to inhaler steroids which have been used in these patients (29) . Therefore, it is possible that zinc and inhaler steroids have synergistic effects.
Although in this study serum total IgE levels decreased in the case group after zinc treatment, the difference was not significant. It seems that changes in serum total IgE levels may not be an important factor in bronchial asthma patients. Nevertheless Morgan et al. 
Conclusions
In this study we showed that zinc supplementation at 50 mg/day in children with moderate asthma with zinc deficiency significantly improved both clinical symptoms and lung function. We recommend that any asthma patients with zinc deficiency use zinc supplements. Further studies with larger samples and cross-sectional methods are needed to further understanding the relationship between zinc supplement and bronchial asthma 
